Introduction
The skeletal muscle sarcoplasmic reticulum and the transverse tubular membranes provide a conducive environment enriched with key proteins that have been shown to play an essential role in excitation-contraction (E-C) coupling (Endo, 1985;  ). Fleischer and Inui, 1989 constituent of the skeletal muscle sarcoplasmic reticulum junctional face membrane. We also showed that JP-45 co-localizes with the RYR calcium release channel and interacts with Cav1.1 and the luminal calcium binding protein, calsequestrin ( ). In order Anderson et al., 2003 to gather insight into the functional role of JP-45 we defined the domains involved in the interaction between JP-45 and Cav1.1. Our results demonstrate that the cytoplasmic domain of JP-45 interacts directly with the I II loop, the COOH-terminal domains of 1.1 subunit ) and that this protein-protein interaction is involved in insertion of the voltage sensor to its proper membrane 1994 Chen et al., 2004 compartment ( ). In order to confirm the functional role of JP-45 in vivo, we either over-expressed or silenced Flucher et al., 2002 endogenous JP-45 in C2C12 cells and studied the electrophysiological properties of transfected cells. Based on the results of the present report, the functional role of JP-45 is consistent with its involvement in the regulation of functional expression of the Cav1.1 into the transverse tubular membrane compartment.
Experimental procedures Materials
PGex plasmids, nitrocellulose, rainbow Molecular Weight Markers, glutathione-Sepharose, and P dCTP were from Amersham Biosciences; goat anti-1 subunit of the skeletal muscle Cav1.1 polyclonal antibodies were from Santa Cruz Biotechnology Inc.;
α Isopropyl--D-thiogalactoside (IPTG), chemiluminescence kit, restriction enzymes, fugene transfection reagent, peroxidase conjugated β anti-goat antibodies, EDTA-free anti-protease cocktail were from Roche Applied Science; protein-G peroxidase, protein assay determination kit and SDS-PAG protein standards were from Bio-Rad; the TALON metal affinity resins was from BD Bioscience; tricine, anti-poly-histidine, anti--actin Abs and peroxidase-conjugated anti-mouse antibodies were from Sigma chemicals. Jet PEI transfection β reagent was from Polyplus-Transfection SAS (Illkirch, France). Protein G plus Agarose (Santa Cruz Biotechnology, Inc., Santa Cruz, CA.
The pFP-N3/DsRed2 vector was constructed by in-frame substitution of the sequence encoding EGFP in the pEGFP plasmid (Clonetech) with that of DsRed2. The sequence of the plasmid backbone used for subsequent cloning of JP-45 cDNA was confirmed by sequencing.
All other chemicals were reagent of highest available grade.
Methods

Production and purification of fusion proteins
PCR-amplified cDNA encoding overlapping sequences of mouse skeletal muscle JP-45 were cloned in-frame into the multiple cloning site of pGex5x-3. PCR amplification conditions and primer sequences were as previously described ( ), using the Anderson et al., 2003 following sets of primers: domain 1, encompassing residues 1-29 was amplified using the following forward and reverse primers: 5′ -AGAATTCTATGACTACCAGAGGCCTGG-3 and 5 -AGTCGACGGCTGGTCCCTCCAGAAAT-3 ; domain 2, encompassing residues ′ ′ ′ 1-80 was amplified using the following forward and reverse primers: 5 -AGAATTCTATGACTACCAGAGGCCTGG-3 and 5 ′ ′ ′ -AGTCGACTGTGCTCTCCTTGCCCGCTA-3 ; domain 3, encompassing residues 81-125 was amplified using the following forward and ′ reverse primers: 5 -AGAATTCTGGCAAAGCGGGAACAA-3 and 5 -AGTCGACATCTCCCCAGGGCAGGTC-3 ; the NH -terminus,
encompassing residues 1-125 was amplified using the following forward and reverse primers: 5′ -AGAATTCTATGACTACCAGAGGCCTGG-3 and 5 -AGTCGACATCTCCCCAGGGCAGGTC-3 ; the COOH-terminus,
encompassing residues 149-331 was amplified using the following forward and reverse primers: 5′ -AGAATTCTCGGGACGCAGTGGCT-3 and 5 -AGTCGACGTCACGCCCCTTCCCTCGCTT-3 . The EcoRI restriction enzyme
sequence was added to facilitate subsequent subcloning. cDNA was amplified in a Perkin Elmer GeneAmp 2400 PCR System under the following conditions: 5 min 95 C, followed by 35 cycles of 40 sec annealing at 61 C, 45 sec extension at 72 C and 30 sec denaturation at°°°9 2 C and a final elongation step of 4 min at 72 C.°°T he cDNAs encoding different domains of rabbit skeletal muscle 1.1 subunit ( ) were cloned into the pMR78 3 17
Light microsomal vesicles derived from rabbit skeletal muscle were prepared as described by Saito et al. ( ) Saito et al., 1984 Membranes were solubilized at a final concentration of 1 mg/ml, for 30 min at room temperature in a buffer composed of 1 CHAPS, 200 % mM NaCl, 1 mM dithiothreitol, 50 mM Tris-HCl pH 8.5 to which the protease inhibitor cocktail was added. Co-immunoprecipitation experiments of native proteins, was performed as previously described using the monoclonal anti-JP-45 Ab ( ). In Anderson et al. 2003 order to identify the domain(s) of JP-45 interacting with the Cav1.1, CHAPS-solublized light microsomal vesicles were incubated for 60 min with glutathione-Sepharose beads to which GST-JP-45 fusion proteins had been bound. Following low speed centrifugation, the beads were washed three times with PBS; bound proteins were eluted using glutathione elution buffer, separated on a 10 SDS-PAGE and % transferred onto nitrocellulose. To identify JP-45 binding domains on the Cav1.1, the fusion protein encompassing domain 2 of JP-45 was immobilized on GST-Sepharose beads and incubated for 60 min with purified His-tagged fusion proteins covering various domains of the 1.1 subunit, including the NH -domain, the I II, II III, III IV loops, the COOH-distal and COOH-proximal domains and the 1a domain
in 10 mM HEPES and 150 mM NaCl plus anti-proteases. Beads were processed as described above.
C2C12 cells were washed with PBS, treated with 1 digitonin buffer (1 digitonin, 185 mM KCl, 1.5 mM CaCl , 10 mM HEPES pH % % 2 7.4) on ice for 1 hour and centrifuged at 10,000 g for 10 min at 4 C. The lysate (500 g total protein) was precleared by adding 0.5 g of ×°μ μ
normal mouse IgG together with 20 l of Protein G plus Agarose and incubated for 30 min on a rotating device at 4 C. After centrifugation μ°a t 2,500 rpm (1,000 g), the supernatant was transferred to a fresh tube on ice. Mouse Cav1.1 1 subunit primary antibody (IIF7) (kindly × α provided by Dr. Kevin P. Campbell, University of Iowa, Howard Hughes Medical Institute, Iowa City, IA) ( ) was added Leung et al., 1987 and incubated at 4 C overnight. Then 20 l Protein G plus Agarose was added to each tube and incubated for 2 hours. After centrifugation,°μ the pellets were washed with PBS and resuspended in 20 l of double strength sample buffer for 30 min at room temperature (Murray and μ Olendieck, 1997). The proteins were separated on a 10 SDS-PAGE gel and subsequently transferred onto PVDF membrane. % Non-specific binding was blocked by incubating the membrane in 5 milk PBS for 60 minutes at room temperature. Incubation in the % primary antibody (1:1000 diluted in blot buffer) was done for 2 hour at room temperature and washed three times for 5 min each with PBS. The membrane was incubated with anti-mouse IgG conjugated with horseradish peroxidase for 60 minutes, washed, and finally incubated in ECL Reagent and visualized in X-ray films. Autoradiograms were scanned and analyzed with KODAK-ID Image Analysis Software (Eastman Kodak Company, Rochester, NY). rabbit polyclonal antiserum was generated by immunizing a New Zealand Polyclonal antibody production and Western blot analysis:
White rabbit with glutathione-Sepharose purified GST-JP-45 fusion protein encompassing the cytoplasmic domain (aa 1-125) of JP-45.
Serum was tested for the presence of Ab one month after immunization and subsequently the IgG fraction was purified by protein A column chromatography. Immunodetection of 1.1 subunit fusion proteins was carried out using monoclonal anti-poly-Histidine bovine serum, 100 units/ml penicillin and 100-g/ml streptomycin). Cells were induced to differentiate by switching the medium to μ differentiation medium (DMEM supplemented with 2 horse serum, 100 units/ml penicillin and 100 g/ml streptomycin). For by sequencing. For transfection experiments, C2C12 cells were plated on 12 mm diameter glass coverslips or on 100 mm diameter tissue culture dishes and once they reached 50 60 confluency they were transfected by a combination of CaPO4 and Jet PEI, using a total of -% 7.5 g of plasmid DNA (coverslips) or 15 g plasmid DNA (cell culture dishes). The day after transfection, the medium was changed and μ μ the cells were allowed to recover for 24 hours. On day three the cells were induced to differentiate by switching the medium to differentiation medium (DMEM supplemented with 2 horse serum, 100 units/ml penicillin and 100 g/ml streptomycin) and were % μ re-transfected as described above to increase transfection efficiency. The next day fresh differentiation medium was added and cells were allowed to differentiate for another 3 days when multinucleated myotubes were clearly visible. Total RNA was extracted from transfected cells, converted into DNA as previously described ( ) and RT-PCR was carried out using JP-45 specific primers or Treves et al., 2004 β -actin specific primers. Western blot analysis was carried out with an Ab recognising the NH -terminal domain of JP-45.
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Charge Movement and Fluorescence Recordings
For charge movement recordings, C2C12 cells were plated on glass coverslips and mounted in a small flow-through Lucite chamber positioned on a microscope stage. Myotubes were continuously perfused with the external solution (see below) using a push-pull syringe pump (WPI, Saratoga, FL.) . Cells were voltage-clamped in the whole-cell configuration of the patch-clamp ( ; Hamill et al., 1981 Hamill et al., 1981 Wang et al., 1999 Wang et al., 2000 . 1997
Whole-cell currents were acquired and filtered at 5 kHz with pClamp 6.04 software (Axon). A Digidata 1200 interface (Axon) was used for A D conversion. Membrane current during a voltage pulse, P, was initially corrected by analogue subtraction of linear -components. The remaining linear components were digitally subtracted on-line using hyperpolarizing control pulses of one-quarter test pulse amplitude ( P/4 procedure) (
). The four control pulses were applied before the test pulse. We recorded the charge − Delbono, 1992 movement corresponding to gating of the L-type Ca channel/DHPR. To this end, we used a prepulse protocol consisting of a 2-s 2+ prepulse to 30 mV and a subsequent 5-ms repolarization to a pedestal potential of 50 mV, followed by a 12.5-ms depolarization from
50 to 50 mV with 10-mV intervals ( ). The optimal duration of the prepulse defined as the value at which no further Adams et al., 1990 immobilization of charge movement is attained, was determined to be 2 s after testing a range of prepulses from 1 to 6 s (Wang et al, 2000 ). Intramembrane charge movements were calculated as the integral of the current in response to depolarizing pulses (charge on, Q ) and Fluorescent intensity was acquired in all the areas of the cell by using a krypton laser at 568 nm and recording the emission at 640 nm. The acquisition settings, including iris aperture (used at maximum), laser intensity, exposure, and gain were maintained unmodified from cell to cell to standardize recordings and make the comparison among cells valid. The maximum fluorescent intensity of the whole cell was analyzed in digitized images and expressed in arbitrary units (AU).
Data were analyzed using Student s test or analysis of variance (ANOVA). A value of < 0.05 was considered significant. Data are ' t P expressed as mean SEM with the number of observations ( ).
Results and Discussion
Identification of interaction domains between JP-45 and Cav1.1
In a previous report we demonstrated that JP-45 interacts with the native Cav1.1 ( ). We set out a series of Anderson et al., 2003 experiments to identify the domains participating in this interaction. We prepared recombinant GST-fusion proteins covering different coding region of JP-45 excluding the transmembrane domain (see ), bound them to glutathione-Sepharose beads and incubated them Fig. 1 with solubilized light microsomal vesicles.
shows that the cytoplasmic NH -domain of JP-45, more specifically the region Figure 2A Extensive structure to function relationship studies on the Cav1.1 have helped define functionally relevant domain boundaries not only among the subunits making up the supramolecular complex, but also within the primary structure of each subunit ( ; Nakai et al, 1998 ; ; ). We reasoned that the physiological relevance of the interaction Grabner et al., 1999 Kugler et al., 2004 Van Petegem et al., 2004 between Cav1.1 and JP-45 could be better understood if we first identified JP-45 binding sites within the Cav1.1 1 subunit. JP-45 domain some cases they had an altered molecular mass, lower than the expected value, due to the instability of the purified fusion protein ( , Fig. 3A lane 3 and 7). The protein-protein interaction experiments depicted in demonstrate that the I II loop and the COOH-terminal figure 3B domain of the of 1.1 subunit as well as the 1a subunit, interact with JP-45, whereas fusion proteins corresponding to the NH -terminus, the II III and III IV loops of the 1.1 subunit do not interact with GST-JP-45 domain 2 fusion protein. In order to validate these results,
we performed pull-down experiments using GST-JP-45 domain 2 as bait and solubilised light microsomal vesicles as ligand, in the presence or absence of increasing concentrations of either I II loop or COOH-distal recombinant fusion proteins. Inhibition of -Cav1.1-GST-JP-45 interaction was achieved at 3.6 and 1.25 M of I II loop and COOH-distal his-tag fusion proteins, respectively. To
further confirm the specificity of the pull-down assay, we also investigated these interactions under native conditions, i.e. by performing co-immunoprecipitation of native JP-45 with Cav1.1 using the monoclonal anti-JP-45 Ab, in the presence or absence of competing I II -loop or COOH-distal recombinant fusion proteins. As shown in , the presence of the competing recombinant fusion proteins figure 3D substantially diminished the interaction between JP-45 and the Cav1.1 domains. Pull-down and co-immunoprecipitation assays were concordant in demonstrating that competition with the single 1.1 interacting domains (I II loop or COOH-distal fusion proteins) was that in the 1a subunit knock-out animal AID is occupied mainly by JP-45 and that such an interaction may account, at least in part, severe β phenotype of the mice ( ). have shown that mouse skeletal muscle cells homozygous for a null Gregg et al., 1996 Strube et al. (1996 mutation in the gene encoding the 1a subunit of the Cav1.1 show a significant decrease in maximum charge movement and a shift cchb1 β in the half activation potential toward more negative potentials.
To investigate the functional effect of JP-45 we altered the stoichiometry of the JP-45/Cav1.1 supramolecular complex either by JP-45 overexpression or by JP-45 gene silencing in differentiated C2C12 myotubes, and then we examined Cav1.1 activity by measuring charge movement. identification of a more obvious difference not only in Q (~3-fold) but also in the half activation potential of the charge movement ( max ). High levels of JP-45 expression are associated with a V shift to more negative potentials of ~10mV ( ). No Table 1 Q1/2 Fig. 7C and D differences in the steepness of the curve were observed between these two groups of cells ( ). Table 1 The observation that alteration of peak charge movement is tightly linked to the magnitude of JP-45 expression suggests that the stoichiometry of the JP-45/Cav1.1 supramolecolar complex is crucial for the proper function of the Cav1.1. If this is so, we reasoned that depletion of JP-45 in differentiated myotubes would similarly affect DHPR charge movement. Thus, in the next set of experiments we investigated whether charge movement is also affected in C2C12 myotubes depleted of JP-45.
Effect of JP-
Effect of JP-45 gene silencing on Cav1.1 function
The mRNA encoding JP-45 was much less abundant in C2C12 myotubes transfected with the plasmid containing JP-45 siRNA than in cells transfected with the control pSHAG vector ( ). The presence of residual mRNA for JP-45 could be due either to the presence Based on the expression of the reporter DsRed2 red fluorescent protein, C2C12 cells were identified and charge movement measurements were performed.
shows that depletion of JP-45 in C2C12 myotubes is associated with a decrease in Q without apparently Figure 9A C2C12 membrane from JP-45 siRNA and pSHAG transfected C2C12 cells. As can be seen in , 1.1 subunit shows two Fig. 9D and E α distinct high molecular weight bands of 175 and 170 kDa ( )). Furthermore, in C2C12 myotubes depleted of JP-45, there Leung et al., 1987 is a significant reduction of the immunoreactive band referable to 1.1 subunit ( and ). The 1.1 subunit expression, interactions between other polypeptides of the triad membrane have been implicated for the proper functional insertion of the Cav1.1 and we suggest that JP-45 is one of these additional polypeptides important for the proper assembly of the DHPR macromolecular complex into the plasma membrane.
In conclusion, in the present report we have shown that JP-45 domain 2 interacts with the AID sequence and with COOH terminal domain the Cav1.1 subunit, two important structural determinants for functional expression of the Cav1.1. In addition, we provided clear 
Figure 2
Identification of the JP-45 domain interacting with Cav1.1 GST-JP-45 fusion proteins encompassing different domains of JP-45 were bound to glutathione-Sepharose beads and incubated with A. solubilized rabbit skeletal muscle microsomal vescicles as described in the Methods section. The proteins present in the void (V), last wash (LW) and those bound (B) to the beads were separated on a 10 SDS PAG, transferred onto nitrocellulose and the presence of the bound % Cav1.1 was revealed by Western blotting using commercial anti-1.1 antibodies.
Co-immunoprecipitation experiment using monoclonal α B.
anti-JP-45 Ab to pull down the Cav1.1. Experiments were performed as described in the Methods section: where indicated recombinant GST-JP-45 domain 2 was used to compete out the interaction between endogenous proteins present in the microsomes forming a supramolecular complex. synthetic biotinylated peptide corresponding to the AID sequence or an unrelated biotinylated peptide were used to coat Neutroavidine beads, which were subsequently incubated with His-JP-45 domain 2. Proteins present in the void, last wash or bound to the beads were separated on a 12.5 SDS PAG, transferred onto nitrocellulose and the immunopositive band was visualized using anti-His-tag commercial Abs. A % C.
his-tagged fusion protein encompassing domain 2 JP-45 was prepared as described in the Methods section. Though the fusion protein migrated slower in SDS-PAG, its identity was verified by direct sequencing (not shown), by immunoblotting using anti-His Ab. Note that treatment of the fusion protein with DTT DEPC eliminated its immunoreactivity. 
